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RESORPTION: 
CLINICAL PRESENTATIONS, TREATMENT, 
AND ETIOLOGIC FACTORS 
                                      EDUARDO BENAVIDES 
                                                  ABSTRACT 
Information on dental resorption first appeared in the literature in an 1829 textbook 
by Thomas Bell. What first was mistaken as bone tumor and known as “absorption,” 
continues to be one of the most challenging and mysterious phenomena dental clinicians 
have had to address. Over the past years, there has been a dramatic increase in reports of 
resorption in the literature, which have aided in the understanding of the condition and its 
treatments. Resorption is identified by an increase in osteoclastic cell activity that causes a 
loss of hard dental tissues. As a physiological process, root resorption helps with the 
eruption and exfoliation of primary teeth. In adults, resorption is of pathological nature. 
Resorption can happen both internally and externally. External resorption is a much more 
common occurrence in dentistry than its counterpart, internal resorption, and involves the 
external aspect of the tooth. External resorption has been subclassified into external 
inflammatory resorption, external replacement resorption, external cervical resorption, 
external surface resorption, and transient apical breakdown. Internal resorption is more 
unusual and more challenging to diagnose and affects the tooth’s pulp chamber and/or its 
root canal. Internal resorption has been sub-classified as internal inflammatory resorption 
and internal replacement resorption. Descriptions of the various forms of resorption are 
numerous in the literature and have become available due to case studies, clinical 
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presentations and treatment options. From trauma, to prolonged orthodontic treatment, to 
viruses, to genetic and idiopathic factors, there is a variety of possible etiologic causes of 
both kinds of resorptions that are central to the understanding and treatment of this 
condition.  
Despite the many advances in the field, however, there are still gaps in the processes 
leading to resorption lesions that remain to be elucidated. If OPG and RANKL are the 
major culprits in initiating resorption, being able to arrest these molecules or transcription 
factors, such as c-fos and NFkB or identifying genetic propensities for resorption with a 
BRCA-like test seem to be research goals which may translate into the prevention of 
resorption as well as identifying how a physiological process essential to survival 
transforms into a pathological condition 
Additionally and equally important, when resorption is suspected, there is the need 
for a thorough examination of the oral cavity and a proper understanding of the underlying 
pathogenesis for its clinical management. Depending on the extent of the lesion, resorption 
can be arrested by a variety of endodontic treatments that often include root canals or more 
complex surgical procedures, such as muco-periosteal flaps that allow the access to the 
resorptive lesion and the excavation of the granulomatous tissue in the tooth. Moreover, 
composite, sodium hypochlorite or calcium hydroxide are also employed as treatment/ 
preventive options as well as breaks in orthodontic procedures to eliminate pressure forces 
that contribute to and/or cause resorption, pulpectomy, careful monitoring, among others.  
Whether external or internal resorption, the condition can be treated with high rate of 
success if caught early. Without intervention, resorption leads to tooth loss.  
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INTRODUCTION  
Resorption is a condition characterized by a loss of cementum, dentin or bone. 
Although it can result from physiological or pathological processes, little is known about 
its etiology (Lima et al., 2017). Some cases are associated with chronic inflammation of 
the pulp, while others arise where there are dental caries or following trauma to the mouth 
and teeth. Usually there are no symptoms such as pain that indicate resorption is taking 
place and because of the variety of clinical presentations and possible etiologic factors, 
resorption presents a challenge to the endodontist (Datana et al., 2011). 
The first recorded case of resorption was documented by Bell in his 1829 textbook 
The Anatomy, Physiology and Diseases of the Teeth. In the book he refers to “a formation 
of pus, with corresponding absorption of part of the bone” (p. 171). He further explains 
that the vessels of the tooth had been responsible for the inflammation and pus formation 
that led to the “absorption” to take place (p. 172). Over the next nearly 200 years Bell’s 
absorption has been documented and studied as internal resorption. 
Resorption can be internal or external depending on where it occurs in relation to 
the surface of the root (Huot, n.d.). Internal resorption occurs much more rarely than does 
external resorption. In primary teeth resorption is a common and standard physiological 
process that results in their shedding and replacement by permanent teeth. Pathologic 
resorption, on the other hand, will result in the loss of permanent teeth unless detected, 
diagnosed and successfully treated.  
The lack of symptoms that indicate resorption is taking place means that detection 
and diagnosis nearly always occur during a routine oral examination following a teeth 
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cleaning or some other procedure. Radiographs, which are necessary to confirm the 
diagnosis, are needed to reveal the extent the pulp space enlargement caused by the ongoing 
condition (Mittal et al. 2014).  
This thesis will discuss the various clinical presentations of resorption (Mohan et 
al., 2013), how they are detected (Mehra et al., 2018), and the spectrum of available 
treatments to prevent tooth loss (Ahangari et al., 2009). It will distinguish between both 
internal replacement resorption and internal inflammatory resorption as compared with the 
various forms of external resorption. It will present the dilemma of determining whether 
an affected tooth is restorable or needs to be extracted. Since resorption can recur, affected 
and treated teeth must be reexamined over time to prevent future complications. 
A fuller understanding of resorption and its consequences will result from research 
into the pathogenesis of the condition (Feller et al., 2016). This paper will summarize what 
is known about the pathogenesis with the focus on osteoclasts and their role in bone 
resorption. Osteoclasts show the same morphology as odontoclasts, which are the tooth 
resorbing cells (Fernandes et al., 2013). Odontoclasts produce enzymes with properties 
similar to those of osteoclasts which may explain the similarity between how the cells 
produce resorption. A mechanism by which osteoclasts create an acid microenvironment 
conducive to enzyme degradation of tissue is shown below. The role of other factors such 
as inflammation/infection, trauma, and genetics will also be presented. 
A search of the literature will determine if there are sufficient data that suggest what 
initially triggers the process that results in resorption. With rapid advances in dental and 
medical research, the key to preventing resorption may soon be discovered. Compared with 
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other conditions that affect oral health, resorption may be considered rare; however, its 
detection, treatment, and possible recurrence keeps it high on the list of difficult challenges 
a periodontist can face. 
Analogous to other mammals, humans’ dentition includes two sets of teeth, primary 
or deciduous teeth and succedaneous teeth commonly known as permanent teeth. Primary 
teeth form prenatally at around 14 weeks in utero (Figure 1) and complete their 
development at 3 months of age (Nelson p.1). Under normal conditions, that is in the 
absence of congenital diseases or oral cavity disease, teeth start to appear in the oral cavity 
around the age of 6 months with the last emerging roughly at 28 months of age. Deciduous 
dentition remains intact until the child is around 6 years old (Nelson p. 1) when secondary 
dentition begins. The eruption of secondary teeth marks the beginning of mixed dentition 
also called transition (Figure 1). As the name implies, during mixed dentition, there is a 
combination of both primary and secondary teeth in the oral cavity that remain 6 to 12 
months until all the permanent teeth have erupted.   
 




































Figure 1. Primary, mixed, and secondary dentition human dentition to age 6. 
Secondary teeth show darker than primary teeth. Figure adapted from WHEELER’S 
Dental Anatomy, Physiology, and Occlusion 10th Edition, 2015.  
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As Figure 2 illustrates, succedaneous teeth undergo different eruption times. Tooth 
eruption can be defined as a process in tooth development by which a tooth moves from its 
developmental site located in the alveolar bone to the oral cavity (Almonaitiene et al., 
2010). Tooth eruption is a very intricate process that involves osteoblasts, osteoclasts, and 
dental follicle (Wise et al., 2002). It is very complex and is made possible, in great part, 







Figure 2. Radiograph of a nine-year-old with mixed dentition: 6, the first 
permanent molar has erupted; 7 and premolars 4,5 are erupting. The deciduous 
molars D and E will be replaced by 4 and 5. The asterisks represent the dental 
follicle while the arrows represent resorption taking place. Figure reproduced from 
Gorski et al., 1992. 
   
 6 
Tooth or root resorption has been named the “black hole of dentistry” (Germain, 
2015). Research is still being conducted at the molecular level to have a better 
understanding about the factors and mechanisms responsible for the initiation of root 
resorption. Nevertheless, it has been shown that in primary teeth, root resorption takes 
place as a result of a physiologic or pathologic phenomenon. On the other hand, secondary 
teeth, though infrequently, undergo resorption as a pathological process (Mulia et al., 
2015). Resorption of deciduous roots/primary teeth during permanent tooth eruption are 
essential as they result in the exfoliation of a deciduous tooth in anticipation of the arrival 
of their corresponding permanent successor (Nasehi et al., 2015). Exfoliation or shedding 
of deciduous teeth and eruption of secondary teeth are both highly programmed events that 
happen simultaneously. In fact, the erupting succedaneous tooth produces a pressure that 
is said to set off resorption on the deciduous tooth (Harokopakis-Hajishengallis, 2007). 
When there is no successor permanent tooth, primary teeth will eventually reabsorb, only 
this time, the exfoliation will be later than usual. 
In tooth development, physiological resorption is characterized by the activity of 
osteoclastic cells resulting in the progressive loss of cementum and dentin in the root area 
of primary teeth (Mulia et al., 2018). In fact, in succedaneous dentition, for tooth eruption 
to occur, an active pathway must be formed by osteoclasts in alveolar bone, where the 
unerupted tooth is located (Almonaitiene et al., 2010). This pathway involves the 
gubernacular canal located above each tooth. The osteoclasts’ role in resorption is to 
expand the canal so that the crown makes its way through and out of the alveolar bone 
(Figure 2). Without normal root resorption, neither primary nor secondary teeth can erupt.  
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It has been hypothesized that root resorption is regulated and/or initiated by the 
presence of dental follicle (DF) and the stellate reticulum (SR) (Harokopakis-
Hajishengallis, 2007). In fact, studies in dogs have shown that removing the DF can 
interrupt tooth eruption (Marks and Cahill, 1984). Conversely, when dental amalgam was 
used to replace a tooth in the DF and no changes were made to the DF, the artificial tooth 
still erupted (Almonaitiene et al., 2010). 
The normal pathway for eruption/ initiation of resorption requires a surge of 
mononuclear cells into the dental follicle. Mononuclear cells are the precursors of 
osteoclasts.  Two kinds of chemokines are responsible for recruiting osteoclast precursors 
into the DT; the chemoattractant for monocytes, also known as monocyte chemotactic 
protein-1 (MCP-1), and the dental -follicle- produced colony-stimulating factor-1 (CSF-1) 
(Que and Wise, 1997). Studies propose that in addition to MCP-1, the dental follicle also 
secretes CSF-1 (Grier et al., 1998) and MCP-1. As shown in Figure 3a, like CSF-1, the 
cytokine Interleukin 1 alpha (IL-1 α) and the parathyroid hormone-related protein (PTHrP) 
enhance the production and/or effect of MCP-1’s gene expression (Wise and Lin, 1994), 
while CSF-1 has an autocrine effect (Wise et al., 1997). Furthermore, the presence of 
osteoblast might also have an effect in activating the osteoclastic cells (Almonaitiene et al., 
2010). The overlapping encountered in the signaling pathway of precursor cells recruitment 
to the DF ensures the eruption takes place.  
 
 












Figure 3a. Signaling Pathway: Recruitment of mononuclear cells to Dental 
Follicle.  Proper signaling between the stellate reticulum (SR) and the dental 
follicle (DF) is necessary for the production of both chemotactic molecules, 
CSF-1 and MCP-1, which are responsible for the recruitment of precursor or 
mononuclear cells into the DF. As shown in the figure, gene expression is 
enhanced by more than one molecule at the time. Arrows with the word 
“enhances” indicate upregulation of a particular gene, while those with the 
word “recruitment” represent the chemotactic effect on both molecules MCP-
1 and CSF-1. Figure taken and modified from Wise, 2002. 









Figure 3b. Signaling Cascades- Osteoclast formation during eruption: The 
possible pathway for the formation of osteoclastic cells. Both ODF and CSF helped 
promote osteoclast formation. OPG is an osteoclast formation inhibitor and as such 
prevents cell-to-cell signaling.     Signifies the inhibition of gene expression. 
-> represents stimulation and/or enhancement of gene expression. Figure modified 
from Wise, 2002. 
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 10 
Once the mononuclear cells are in the DF, they fuse producing osteoclasts. As a 
result, resorption of alveolar bone occurs allowing for the tooth to exit its bony crypt (Wise 
et al., 2002). c-fos and NFkB transcription factors as well as the presence of osteoclast 
differentiation factor (ODF) may be necessary for osteoclast formation to occur (Wise et 
al., 2002). As illustrated in Figure 3a, CSF-1 is required for the differentiation and 
proliferation of osteoclast progenitors. After the osteoclast progenitors are formed, CSF-1 
is once again fundamental for osteoclast formation. In vitro, the chemokines IL-1 α and 
CSF-1 assist with the prolonged survival of osteoclast-like cells (OCL) (Jimi et al., 1995). 
Figure 3b shows three molecules vital in osteoclast formation: osteoprotegerin 
(OPG), which some authors call osteoclastogenesis inhibitory factory (OCIF); CSF-1; and 
receptor activator of nuclear factor-6B ligand (RANKL), also known as OPGL, ODF or 
TRANCE. The membrane bound protein, RANKL, triggers the formation and/or activation 
of precursor cells (Yasuda et al., 1998a). In contrast, osteoprotegerin (OPG), a secreted 
glycoprotein, opposes the effects of RANKL blocking osteoclast differentiation from their 
precursor molecules or mononuclear cells (Wise et al., 2002). It is hypothesized that OPG 
works as a receptor for RANKL and that when they bind together, OPG hinders cell-to-
cell signaling between osteoclast precursors and stromal cells and as a result osteoclasts 
are not formed (Wise et al., 2002). Studies show that RANKL’s regulation is of pivotal 
importance for osteoclast formation. Much like in the recruitment of mononuclear cells 
(Fig. 3a), the signaling cascades responsible for osteoclast formation are tightly regulated 
and allow for several alternative pathways to take place if one is not working properly. 
Finally, equally important in osteoclastogenesis is the physiological role of osteoblasts. 
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Through signaling via the RANKL/OPG pathway, osteoblasts aide in the formation of 
osteoclasts (Wise, 2002).  
As illustrated in Figure 4, osteoclasts are large cells with multiple nuclei and 
pseudopods for movement. Through their frilled borders, they come into contact with 
dentine and bone. Upon contact, cytoplasmic vesicles within the border release enzymes 
that break down proteins into the space between the osteoclasts and the oral tissue. 
Hydrogen ions are also released and together with the enzymes create an acidic 
environment in which calcified tissue is dissolved (Baron et al., 1988). Receptors called 
integrins interact with the root or bone extracellular matrix to isolate the area undergoing 
resorption (Sasaki, 2003). As a result of this process, osteoclasts are able to break down 
dentine as well as bone and cartilage. 
 
 












EARLY REPORTS ABOUT ABSORPTION/ RESORPTION 
Resorption was first mentioned in 1829 in Thomas Bell’s “The Anatomy, 
Physiology and Diseases of the Teeth” book. Bell identified both examples of internal and 
external “absorptive” defects as well as the impact they had on alveolar bone. Bell noted 
that saliva gradually causes exposed surface decay while “absorption” removes gum tissue 
as bone is deposited on the floor of the alveolar cavity. Eventually the root loosens until it 
falls out or is discovered by the dentist lying on the gum (Gutman, 2017). 
Figure 4. Mature osteoclast: Osteoclasts lay within lacunae (Howship’s). 
When intracellular vesicles fuse with the cell membrane within the frilled 
border, hydrogen ions are produced. Hydrogen ions are represented as H+. 
Integrins present in the frilled border interacting with ligands join the extra-
cellular matrix of the root/bone to the cell. Note that the surface which is in 
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Such “absorption” effects were taught for years until Sir John Tomes described a 
case of “absorption” in permanent teeth (Gutman, 2017). In his text “A System of Dental 
Surgery” from 1859, he discussed the case in depth highlighting how “absorption” had 
eaten away one side of the root up to the pulp-cavity wall. According to Tomes what saved 
the rest of the root was the intervention of inflammation culminating in pus secretion. He 
particularly emphasized the resistance of the pulp-cavity walls to the action of “absorption” 
even suggesting a limited correlation with what occurs in deciduous teeth (Figures 5 and 









Figure 5. Dental pulp: Illustration showing pulp protected and enclosed by dentin. 
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 Dr. William Herbert Rollins was next to make important observations about 
“absorption.” Rollins tried to explain the cellular mechanisms involved in the phenomenon 
in connection to the practice of “replantation and transplantation,” which consisted of 
extracting a tooth from one patient and transplanting it into another person’s oral cavity 
(Younger p. 17). Robins claimed that the lunar excavations detected in dead-pulped teeth 
were caused by the activity of living cells. He went on to explain that whenever such 
activity took place, giant-cells or osteoclasts also called resorption cells were present 
(Gutman, 2017). In 1906, Tomes and Nowell further extended their findings on the 
presence of clastic activity in teeth undergoing absorption. Figure 7a illustrates Tomes’ and 
Figure 6. Tomes’ observation post soft invasive tissue removal: contemporary 
photo. Surrounding the pulp and root canal is pink dentin that is non-mineralized. 
Arrow indicates bleeding/red area at canal apex where invasive resorbing tissue 
continues to remove mineralized dentin. Unless this area is completely eliminated 
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Nowell’s observations of lacunae that had worn away by a dentinoclastic process 
culminating in new cementum being deposited, especially as a result of 19th century 
replantation transplantation procedures in which alveolar sockets had to be manipulated 
for the transplant to take causing  periodontal fiber in alveolar bone, such as the periodontal 
ligament, to be destroyed (Younger pg. 17-27). Under favorable circumstances it was 
demonstrated that “absorption” was followed by repair (Figure 7b), whereas under 
unfavorable circumstances, “absorption” was progressive and enhanced by the presence of 











Animal studies conducted by Fredel in 1887 and Scheff in 1890 proved how 
successful re-transplantation was when periodontal fibers were not eroded. They concluded 
Figure 7. Odontoclastic activity on lacunae: Figure a illustrates hollowed up 
lacunae in presence of odontoclastic activity. Figure b depicts repair followed by 
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that when the entire periodontal ligament (PDL) or a fragment of it was missing, 
“absorption” was observed (Gutman, 2017). The opposite occurred when PDL was present 
(Gutman, 2017).   
For decades, the terms absorption and resorption were used interchangeably. Table 
1 illustrates the incidence of usage of the terms “absorption” and “resorption” as reported 





Table 1. Incidence of Usage of Terms - Absorption & Resorption among Key 
Authors: Authors of this survey could not completely agree with each other and the 
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Whether it was absorption or resorption, little to no attention was given to the topic 
for years other than label teeth that were lost because of the condition. In 1963 Penick 
delivered multiple guidelines that aimed to help with the clinical management of teeth 
undergoing resorption (Gutman, 2017). Finally, in 1973, the America Association of 
Endodontists chose to define resorption, external and internal resorption, and root 
resorption resolving the debate about the proper usage of the terminology and bringing 
resorption to the forefront as a poorly understood yet very serious condition that resulted 
in the loss of teeth if left untreated.   
PUBLISHED STUDIES: CLASSIFICATION OF RESORPTION AND 
TREATMENT 
Normally predentin and organic cementoid protect teeth from external and internal 
resorption respectively (Patel and Saberi, 2018). Both tooth structures deter osteoclastic 
cell action. Although the presence of resorption has been proven essential during dentition, 
in permanent teeth resorption has the opposite effect and is a pathological process 
associated with tooth loss. When the precementum or predentin are damaged, mineralized 
cementum or dentin become exposed and as a result osteoclasts rapidly take over the 
exposed area and initiate resorption (Patel and Saberi, 2018). In some cases, the resorption 
process is self-limiting presenting itself for 2-3 weeks only and remains clinically 
undetected; however, in other cases, there is a continuous or sustained  osteoclastic activity 
due to the stimulation of factors, such as infection or pressure, which will in turn cause 
tooth loss if left untreated (Patel and Saberi, 2018). 
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Resorption can be classified as simply internal and external. During internal 
resorption, the resorptive lesion involves the pulp chamber and/or root canal. In the latter, 
the external aspect of the root is affected (Darcey and Qualtrough, 2013). Additionally, 
there exists a range of root or tooth resorption lesion sub-classifications based on etiology, 
histology and origin. Figure 8 illustrates the two categories of resorption and their 
corresponding sub-categories based on their pathogenesis (Patel and Saberi, 2018). Below 
is a more detailed description of the different subclassifications of resorption lesions as 
well as examples of their pertinent clinical cases. Table 2 summarizes the key 






Figure 8. Root resorption classification: This figure illustrates the classification of 
root resorption lesions and their subcategories based on their pathogenesis. Figure taken 
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When external resorption is initiated, the lesion will begin outwards on the external/ 
cervical surface and progress inwards (Tomas et al., 2014). Growing tumors in the oral 
cavity, periapical pathosis, and most commonly pressure from orthodontic treatments 











External Surface Resorption (ESR)  
As shown in Table 1, ESR is characterized by blunted root apices and/or shorter 
roots in teeth that have been treated orthodontically (Patel and Pitt Ford, 2007). Excessive 
pressure is commonly responsible for this occurrence (Figure 10). ESR is self-limited; that 
is ESR will cease when the source of such pressure is removed from the oral cavity. This 
kind of resorption is commonly limited to the surface of the tooth’s root or the 
periodontium surrounding it (Darcey and Qualtrough, 2013). In some patients, the roots of 
Figure 9. Dental panoramic tomograph exhibiting surface resorption: 
Tomogaph shows surface resorption of 23-year-old patient after prolonged 
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teeth adjacent to an impacted tooth, cyst or expanding tumor will take an irregular or saucer 
shape (Patel and Pitt Ford, 2007). When this kind of resorption is suspected only 
























External Inflammatory Resorption (EIR)  
 
EIR is usually observed in patients when there is continued stimulation of damaged 
root surfaces and/or infected necrotic root canals due to microleakage and caries (Patel and 
Saberi, 2018). This kind of resorptive lesion takes place after severe trauma, such as 
intrusive and lateral luxations as well as avulsions causing damage to the precementum or 
Figure 10. External Surface Resorption (ESR): a, b, c show extensive ESR of the 
maxillary right and left central incisors. The green arrows represent blunted roots, which 
is a hallmark of this kind of resorption. d and e reveal ESR of maxillary right lateral 
incisors. The yellow arrows indicate the intact lamina dura and periodontal ligament space 
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root surface (Figure 11) (Abbott, 2016).  As indicated in Table 2, at first there is no impact 
on the root canal; however, the root canal system can become infected by bacteria and 
perforated in advanced cases (Abbott, 2016). EIR usually presents clinically and 
symptomatically in the same fashion as periapical periodontitis; tender to palpation and/or 
percussion and non-responsive to sensibility testing (Patel and Saberi, 2018). Non-
traumatized teeth can also be subjects of external inflammatory resorption. In this case the 
EIR involves the root apices (Patel and Pitt Ford, 2007) and the symptoms remain the 
same—unresponsive to sensitivity testing. Radiographs reveal shortened apices with rough 
ends (Abbott, 2016). EIR histologically presents with the activity of various inflammatory 
cells, such as lymphocytes, neutrophils, macrophages, etc. where polymorphonuclear 
neutrophils are close to the infected dentine (Patel and Pitt Ford, 2007). When the 
resorptive lesion is already established, adequate endodontic treatment, such as RCT can 
arrest the resorption and allow for healing of the periradicular tissue (Abbott, 2016). 
Additionally, Corticosteroid-antibiotic has proved effective in the prevention and 
management of EIR. On the other hand, due to its irritant properties and toxicity, calcium 






















External Replacement Resorption (ERR) 
In external replacement resorption, as the name suggests, osteoblasts replace root 
surface with bone (Figure 12); a process also known as ankylosis (Finucane and Kinirons, 
2003). Figure 13 presents a case of a patient who, during his routine examination, was 
diagnosed with external replacement resorption. The patient did not present with any 
symptoms; however, during his visit, he expressed he had luxated his maxillary anterior 
teeth and during percussion there was a high-pitched metallic sound (Table 2) in the 
affected teeth (Finucane and Kinirons, 2003). Severe luxation and avulsion injuries both 
Figure 11. External Inflammatory Resorption (EIR): a) Schematic diagram of 
EIR. Note here the loss of adjacent bone (radiolucencies) and tooth structure. b) A 
radiograph of a 6-month-old patient is presented after avulsion of the tooth. c) 
Represents EIR resulting from long-standing infected root canal. Figure taken and 
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result in ERR (Patel and Saberi, 2018). The periodontal ligament is the main tooth structure 
affected by this ERR lesion and it may become crushed, degenerated and/or torn after the 









Along with dentine and cementum, the PDL becomes resorbed due to odontoclastic 
activity and will be replaced with bone (Patel and Saberi, 2018) during the healing process. 
External replacement resorption is further subdivided into transient and progressive 
(Darcey and Qualtrough, 2013). Transient ERR is self-limiting, whereas the latter, because 
of complete or extensive loss of PDL, results in continuous root resorption (Darcey and 
Qualtrough, 2013). Because ERR is an external resorption, the affected teeth should be 
responsive to sensibility tests albeit some delay could be expected (Darcey and Qualtrough, 
Figure 12. External Replacement Resorption (ERR): The image shows ERR 
affecting tooth 11. Here the root dentine has been replaced by bone.  Note destruction 
of adjacent alveolar bone. Figure taken from Finucane and Kinirons, 2003.  
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2013). If there is a lack of response to the test or a lack of symptoms this does not mean 
endodontic treatment is required; on the contrary, with proper identification and 
management, in an adult, the tooth can remain vital for 20 years following the ERR onset 
(Darcey and Qualtrough, 2013). Cone beam computed tomography or CBTS helps with 
the assessment of prognosis of a tooth and the severity of the resorptive lesion (Patel and 
Saberi, 2018). In children and adolescents, teeth that experience external replacement 
resorption do not erupt and averts proper development of adjacent alveolar bone (Patel and 























Figure 13. External Replacement Resorption (ERR): The image shows ERR of the 
maxillary left central incisor. Here the root dentine has been replaced by bone. Figure 
taken from Patel and Pitt Ford, 2007.  
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External Cervical Resorption (ECR)  
 
Almost exclusively caused as a result of dental trauma (Consolaro, 2016), ECR is 
a type of tooth resorption which involves mainly the root’s cervical area (Darcey and 
Qualtrough, 2013) and is elicited in response to the deficiency and/or damage of the 
subepithelial cementum. During clinical examination, in a few cases, the main patient’s 
complaint is a pink spot on the tooth’s crown. Although this is a pathognomonic clinical 
finding in this kind of resorptive lesion, it is a relative rare finding (Heithersay, 2004). 
Upon periodontal probing of the tooth, it has been reported that there is bleeding and 
sublingual defect below the pink spot and the tooth responds to sensitivity testing 
(Heithersay, 2004). 
The etiology of this kind of resorption is still poorly understood albeit several 
predisposing factors have been suggested, these include trauma, intracoronal bleaching, 
orthodontic treatment, periodontal treatment, varicella zoster virus (VZV) infection, 
dentoalveolar surgery, and playing wind instruments among others (Patel and Saberi, 
2018). No strong evidence exists about “cause and effect” with these factors, however.  
Reports suggest that external cervical resorption lesions develop in three stages: 
initiation, resorption, and repair (Patel and Saberi, 2018). The lesion seems to begin with 
the invasion of the exposed root surface by osteoclastic cells from adjacent periodontium 
through gaps in the cementum; that is when the cementum located right under the epithelial 
attachment becomes damaged, there is an influx of osteoclasts in the damaged area of root 
(Patel and Pitt Ford, 2007). This in turn triggers a resorptive phase characterized by 
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fibrovascularity, which, if probed, will cause excessive bleeding. Ultimately, in the 
reparative phase, calcification of the fibrovascularity is possible leading to the development 
of fibro-osseous tissue (Patel and Saberi, 2018). Pulp contents here play no role unlike in 
external inflammatory resorption; however, in advanced cases, pulpal involvement has 
been observed with apical periodontitis and/or both reversible and irreversible pulpitis 
(Patel and Saberi, 2018). Additionally, some of these lesions will become arrested and are 
self-limiting, however the majority of cases exhibit a prolonged resorptive phase 
(Consolaro, 2016) and in some cases, ECR is said to affect multiple teeth in a process 
known as multiple idiopathic cervical resorption (MICR) (Darcey and Qualtrough, 2013). 
ECR is challenging to diagnose and is frequently mistaken as caries (Patel and 
Saberi, 2018). Clinically these lesions are often asymptomatic with no inflammation 
present (Consolaro, 2016). For this very reason, radiographs are of utmost importance for 
the diagnosis of the lesion, to gauge its progression, and for its treatment. There is no 
“classic” radiograph appearance per se, but cervical resorption often presents with irregular 
or very distinct margins in the tooth’s cervical aspect (Figure 14) (Consolaro, 2016). Early 
in the process, due to hard tissue experiencing resorption, ECR will exhibit radiolucency, 
whereas advanced fibro-osseous cases appear blotched reflecting how the resorbed root 
attempted to repair itself (Patel and Saberi, 2018). 
Histologically the lesion resembles that of external inflammatory resorption, with 
granulomatous tissue within the cavity and osteoclasts present in the resorbing front within 
the lacunae (Figure 14). Bone-like material results as a response to the repair process (Patel 
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and Saberi, 2018). Treatment of this resorption lesion includes a full muco-periosteal flap 
to access the resorption defect (Figure 15) followed by excavation of the granulomatous 
tissue and removal of the bone that might have replaced this tissue during the resorptive 
phase. Composite resin can be used to cover the lesion. In more advanced cases, more 
complicated endodontic treatment is required. Regular follow-up appointments and careful 












Figure 14. External Cervical Resorption (ECR): Radiograph of ECF of tooth 46. 
Histological staining performed to visualizing mineralized tissue (red) and 










Transient Apical Breakdown (TAB)  
As its name indicates, this kind of resorption is characterized for lasting only a short 
period of time. TAB affects the apex of the tooth’s root and the bone adjacent to it. 
Additionally, the crown may display discoloration (Lozano Gonzalez et al., 2014). Reports 
have indicated that the lesion lasts roughly 12 months and then resolves on its own; that is 
TAB is reversible and does not usually require any kind of treatment but rather monitoring 
and elimination of the factors that are causing it. Teeth that have undergone injuries from 
mild to severe luxation, are more prone to transient apical breakdown (Lozano Gonzalez 
Figure 15. External Cervical Resorption treatment: a) Muco-periosteal flap 
to expose are of resorption. b) Sealing of resorbed area. c) Suture of surgical area. 
d) Temporary restoration with Glass Ionomer Cement. Figure taken and modified 
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et al. 2014). TAB presents clinically with tooth discoloration and a lack/delay of sensitivity 
test response and its incidence is very low and almost exclusive to teeth with fully formed 
roots and closed or half-closed apices (Cohenca et al., 2003.) However, because the 
resorption period is short culminating in repair, it is sometimes classified as EIR (Patel and 
Saberi, 2018). Radiographically, as shown in Figure 16, blurry appearance, widening of 
the periodontal ligament, and in some cases loss of apical lamina dura are often hallmarks 












Internal Root Resorption  
Characterized as an insidious pathological lesion of the teeth, internal root 
resorption starts in the pulpal space within the tooth and progresses towards the dentin 
(Nilsson et al., 2013).  Internal resorption was first reported by late 1800’s. Later in 1920, 
Figure 16. Transient apical breakdown (TAB): Radiograph of a 15-year-old patient 
taken after a subluxation injury. Here note TAB affects the central incisors, specifically the 
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the presence of pink discoloration of the crown of teeth characteristic of internal resorption 
was given the name of Pink Tooth of Mummery named after Mummery, an anatomist 
(Thomas 2014). The pink spot in the crown became the hallmark of this class of lesion 
(Figure 17) 
Internal resorption can be categorized into two classes: Internal inflammatory 
resorption (IIR) and Internal replacement resorption (IRR). 
Internal Inflammatory Resorption (IIR)  
IIR is rare type of resorption that establishes itself in the root canal of the tooth and 
progresses outward destroying the hard tissue surrounding the affected tooth (Haapasalo 
and Endal, 2006).  Chronic pulpal inflammation and less commonly trauma are some of 
the causative factors of this kind of lesion (Haapasalo and Endal, 2006). In some cases, 
internal inflammatory resorption will cease following loss of tooth vitality, while in other 
cases, the lesion is progressive. In progressive IIR, the root canal located coronally to the 
resorption lesion commonly becomes dead or necrotic, however, the pulp continues to be 
alive apically and provides essential nutrients for odontoclastic activity to remain active 
/for the lesion to progress (Patel and Saberi, 2018). The majority of IIR lesions are 
asymptomatic; however, because the teeth suffering from this kind of absorption, often 
times while the lesion progresses and the resorption expands, may exhibit sign of reversible 
or irreversible pulpitis (Patel and Saberi, 2018). In cases that are advanced some of the 
signs and symptoms of periodontitis could follow the lesion. Although this kind of 
resorption is characterized radiographically as fusiform enlargement or ballooning of the 
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pulp chamber (Table 2) or root canal (Figures 17 and 18) (Darcey and Qualtrough, 2013), 
IIR cases may deviate from one to another. Internal inflammatory resorption may be 
analogous with EIR (Darcey and Qualtrough, 2013) and some clinical reports state that this 
kind of resorption has indeed been confused with external inflammatory resorption. 
Histologically, IIR exhibits increase of granulomatous tissue and odontoclastic 
multinuclear cells are responsible for causing this type of resorption (Haapasalo and Endal, 
2006). Because of the presence of bacteria in this dentin, osteoclasts are being stimulated. 
As osteoclasts try to enter the affected tooth’s canal system, due to the granulomatous 
tissue, there will be profuse bleeding (Patel and Saberi, 2018) that will be halted once the 
affected pulp and granulomatous tissue are removed. In fact, if IIR lesion is active, 
endodontic treatment will be required to remove the source of progression of the resorption, 
that is the vital apical pulp tissue (Patel and Pitt Ford, 2007). The prognosis for small 
lesions of IIR is very good; however, in many instances the tooth structure is perforated 
leading to poor prognosis and extraction is necessary (Haapasalo and Endal, 2006). Sodium 
hypochlorite, calcium hydroxide, and ultrasonic instrumentation are equally used to treat 
this resorptive lesion (Haapasalo and Endal, 2006). 





















Figure 18. Internal inflammatory resorption (IIR): Denoted is the irregular 
shape of the lower premolar with internal inflammatory root resorption. Figure 






Figure 17. Internal inflammatory resorption (IIR): a) Significant internal 
inflammatory root resorption is observed in incisors. b) Palatal view of teeth 
affected by IIR. c) Destruction of enamel and dentin shown in radiograph. Figure 
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Internal Replacement Resorption (IRR)  
Much like IIR, this kind of resorptive lesion is a very uncommon with an unknown 
etiology (Consolaro, 2011). IRR presents with clinical symptoms and signs that are 
analogous to those of IIR (Table 2). Radiographically, the root canal exhibits enlargement 
(Kemal et al., 2018). Radio opacities and mixed radiolucencies reflect the presence of 
metaplastic changes. These metaplastic changes often cause the destruction of the canals’ 
space with the appearance of cancellous-like bone (Fig. 19). Two theories have been 
proposed for this cancellous phenomenon. The first theory suggests that the osteoid 
material is a result of a reparative process that dental pulp stems generate as a response to 
inflammation, bacteria, or trauma (Darcey and Qualtrough, 2013). The second theory 
proposes that the cells have migrated from periapical tissue and are not pulpal in origin 
(Darcey and Qualtrough, 2013). Some reports indicated that internal replacement 
resorption is nothing but an attempt by internal inflammatory resorption to replace dentine 
that has been damaged or reabsorbed (Consolaro, 2011). Although in this lesion teeth may 
show no resorptive symptoms, because the lesions are partly vital and active, when the 
actual resorption process is taking place, the teeth might display some signs of 
(ir)reversible pulpitis (Table 2) (Patel and Saberi, 2018). In necrotic cases, the teeth show 
signs of apical periodontitis, such as discoloration, and tenderness to palpation and/or 
percussion (Patel and Saberi, 2018). IRR treatment is similar to that of IIR, with root canal 
treatment frequently required while in other cases a more invasive surgical approach may 
be necessary (Patel and Pitt Ford, 2007). 




















ETIOLOGY OF RESORPTION AND STIMULATION FACTORS 
Pulpal Infection Root Resorption  
 
As described above, periodontal and/or orthodontic treatment, pulpal necrosis, 
trauma, and, in some cases, even tooth whitening agents have been implicated in the 
etiology root resorption. Even though it is clear that there are a variety of stimulants 
possibly responsible for initiating resorption, numerous case reports indicate a frequent 
connection between pulpal infection and resorption (Figure 20) (Fuss et al., 2003). When 
Figure 19.  Internal replacement resorption (IRR): a) Prior to the procedure, the 
middle third of the tooth’s canal appears enlarged from substance similar to bone 
tissue. b) 1-month following treatment with calcium hydroxide. c) Canal post 
treatment with aggregate of mineral trioxide. Gaps remain between the aggregate 
and the resorbed area of the root walls (arrows). Figure taken and modified from 
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the predentin or the precementum become injured, dentinal tubules become infected and 
often trigger an inflammatory process that involves osteoclastic activity in the pulpal and 
periradicular tissues, which in turn, cause external or internal resorption to take place in 

























According to these studies, the etiology of resorption will require two phases: the 
actual injury and a stimulating phase (Fuss et al., 2003). In pulpal disease, because the 
blood supply is necessary to sustain the inflammatory process, vital pulpal tissue apical to 
the resorption must always be present. In contrast, coronally, there is necrosis taking place 
(Darcey and Qualtrough, 2013). The absorptive lesions keep progressing unless the 
microbial factors are arrested. Spirochaetes and gram-positive bacteria have been found to 
Figure 20. Illustration of pulpal infection root resorption: Infection and 
necrosis are present in the root canal and dentinal tubules. In the bone and dentin 
osteoclastic activity indicates an inflammatory response. In the dentinal tubules 
on the right, bacteria are stimulated by osteoclasts. Image taken and modified from 
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contribute to the progression of the resorptive process. Like other microbial factors, they, 
too, play a role in RANKL expression (Figure 3.) In the case of internal resorption, once 
the pulp becomes necrotic completely, the resorption process will be halted. In many cases, 
as some reports suggest, resorption continues even in the necrotic pulp as long as accessory 
canals exist nearby that will provide the nutrient necessary for osteoclasts to remain active 
(Darcey and Qualtrough, 2013).  
When necrosis of the pulp is complete, resorption starts to take place apically 
(Darcey and Qualtrough, 2013). This kind of phenomenon has been designated internal 
apical resorption. Many authors suggest internal apical resorption is more of continuum of 
an EIR rather than internal resorption. In the case of apical resorption, osteoclasts will bind 
to the apex of the tooth where it is suggested dentin is exposed (Darcey and Qualtrough, 
2013). There are a vast number of microorganisms that allow this apical inflammatory root 
resorption to occur, including P.nigrescens, Treponemas species, Porphyromonas species, 
Staphylococcus species, Prevotella intermedia, Streptococci species as well as 
lipopolysaccharides, and prostaglandins (Darcey and Qualtrough, 2013). Pressure from a 
granuloma or a cyst will also contribute to resorption in this region.  
Because the cells involved in internal resorption are of pulpal origin, pulpectomy 
(Figure 21) is necessary to treat resorption by pulpal infection resorption (Fuss et al., 2003). 
Such endodontic treatment will remove the blood supply that is enhancing resorption along 
with the granulated tissue that has been generated. In contrast, for external resorption, 
treatment entails arresting the activity of bacteria causing the lesion. Calcium hydroxide 
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(CH) is commonly used to treat intracanal lesions that because of its antibacterial effect in 
the root canal and the increase of pH it produces on the dentin (Fuss et al., 2003), which 









Orthodontic Pressure Root Resorption  
Apical resorption is one of the complications of orthodontic treatment. In fact, 19-
31.4% of patients undergoing orthodontic treatment seem to present with this condition 
(Darcey and Qualtrough, 2013). During apical root resorption, the injury originates in the 
root of the tooth as a result of forces applied that cause orthodontic movement. It has been 
reported that stronger forces produce significantly more root resorption lesions than lighter 
forces (Topkara et al., 2012). A continuous force applied to the apical root of the tooth 
Figure 21. Pulpectomy treatment: Left image: high degree of internal (white 
arrow) and external (yellow arrow) resorption. Middle image: 1st mandibular molar 
total and partial pulpectomy (radiolucencies indicated by blue arrow). Right image: 
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stimulates the activity of the resorbing cells causing shortening of the root (Fuss et al., 
2003). Figure 22 illustrates a before (top) and post treatment (bottom) panoramic view of 
a 21-year- old patient subjected to extremely long-term fixed appliance orthodontic 
therapy. The bottom radiograph shows some ARR in nearly all teeth with the upper first 
molars and lower incisors exhibiting severe ARR (Fuss et al., 2003). It is important to note 
that teeth usually remain asymptomatic with vital pulp so long as the procedure pressure is 
so forceful that is alters apical blood supply (Fuss et al., 2003). Cessation of resorption can 
only be achieved by removing the source of pressure. Some endodontists have suggested 
that root resorption is minimized significantly when a 2 to 3 month pause in force during 
orthodontic treatment is undertaken compared to those without interruption (Topkara et al., 
2012). This kind of resorption cessation treatment seems to be effective as the resorbed 
cementum heals and prevents further resorption. There is no indication of further treatment 
of the root canal or any other operative procedure (Fuss et al., 2003). 







Figure 22. Orthodontic Pressure Root Resorption: Top – before, bottom-post 
treatment in patient that underwent long-term fixed appliance treatment. Images are 
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Temperature  
Endodontic treatments often involve devices that elicit high temperatures locally. 
In a root canal prep procedure, for instance, heat is generated, which can have an adverse 
effect on the root face, periodontal ligament, and the adjacent bone (Özkoçak et al., 2013). 
In the presence of such high temperatures, inflammatory mediators including OPG and 
RANKL (Figure 3) seem to be upregulated giving rise to resorptive lesions (Darcey and 
Qualtrough, 2013). A study by Eriksson and Albrektsson showed the correlation between 
an increase in temperature and alveolar bone and periodontal ligament lesions. Their 
studies reported that having an increase in temperature of about 10 °C on the outer root 
surface could trigger root resorption and/or tooth ankyloses (Özkoçak et al., 2013). Some 
studies have also reported that subjecting alveolar bone to a temperature of 53°C for 1 min 
interrupts blood flow in that area, while others report that temperatures over 43°C in some 
parts of the oral cavity will contribute to denaturation of proteins (Özkoçak et al., 2013). 
Blood flow interruption as well as denaturation of proteins play important roles in 
resorptive processes. There is very limited literature about prevention of resorption due to 
temperature; however, tooth responses to increases of temperature and how to prevent them 
seem to be of utmost importance in the treatment of resorption caused by exceeding critical 
temperature levels during endodontic treatments. 
Chemical  
Tooth-bleaching techniques have become very popular. Although bleaching is very 
successful in restoring a patient’s smile, some reports show a direct correlation between 
resorption and teeth bleaching products (Bahuguna, 2013). The underlying mechanism is 
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yet not completely clear, but it has been suggested that bleaching agents reach the 
periodontal tissue by means of dentinal tubules which are present in the interface between 
the enamel and cementum (Darcey and Qualtrough, 2013). Several authors have also 
hypothesized that resorption occurs as a result of the hydrogen peroxide invading the dentin 
part of the tooth rendering it immunologically compromised and is then attacked as foreign 
body (Bahuguna, 2013). It has also been speculated that teeth that have had root canal 
treatments are more prone to develop resorption. The way to prevent this type of resorption 
elicited by chemical leakage through dentinal tubules is to implement an effective barrier 
that will halt the invasion of the periodontal space (Bahuguna, 2013). Additionally, careful 
examination of periodontal tissues and root canals is necessary to prevent the bleaching 
agents from reaching and/or entering the periapical tissues and avoiding the use of heat, 
light or acid etching that could further contribute to resorption (Bahuguna, 2013). 
Impacted Tooth or Tumor Pressure Root Resorption  
 
Resorption is also observed when tumors are present in the oral cavity that impact 
the root of a tooth (Figure 23). According to The American Association of Orthodontists, 
the pressure from a cyst or tumor will activate and stimulate resorptive cells. Slow growing 
benign tumors, such as cysts, ameloblastomas, and giant cell tumors among others, seem 
to play a much bigger role in resorption (Fuss et al., 2003). Root resorption is sometimes 
present when teeth erupt during the process of permanent dentition (Figure 24). Mandibular 
third molars and maxillary incisors are commonly affected in this case. In both cases, 
surgery is required to remove the stimulant and there is a very poor prognosis (Fuss et al., 
2003).  





























Figure 23. Tumor pressure root resorption: Root resorption impacted by 
growing tumor (radiograph). Tumor pressure will trigger and stimulate resorption. 













taken from  
Figure 24. Impact tooth pressure root resorption: This figure illustrates the 
stimulation of osteoclastic activity related to extensive pressure by the 





   
 44 
Viral 
A link has also been found between resorption and viral infection, specifically 
herpes zoster (HZ) or shingles. After varicella zoster virus goes dormant, the virus can 
reactivate in sensory ganglia as shingles. As a result, the virus spreads along the 
dermatome(s) initially with vesicular eruption (Praveena et al., 2014). Although shingles 
involves predominantly thoracic to lumbar dermatomes, 20% of HZ infections affect the 
trigeminal nerve (Praveena et al., 2014). The literature cites several reports of patients with 
zoster virus affecting the left trigeminal nerve’s maxillary branch (Thomas et al., 2014) 
and their connection to internal resorption. 2–7 days prior to vesicular eruption, there is a 
prodromal pain associated with HZ, that can simulate pulpitis (Ramchandani and Mellor, 
2005). The effects of shingles on the dental pulp are attributed to pulpal nerve endings 
attracting the virus. Praveena, et al., reported a 47-year-old male diagnosed with periapical 
pathoses and internal root resorption (Figure 25a) as a complication of HZ in which the 
maxillary branch was affected over time. Severe internal root resorption of 22, 23 was 
revealed. Extraoral examination of the patient showed facial scars that healed along the 
affected nerve (Figure 25b). 
In 1981 Solomon et al., also reported the potential correlation with resorptive 
patterns as seen in a 31-year-old female patient diagnosed with root resorption affecting 
21, 23 in which the maxillary branch was similarly affected long term. Since then there 
have been numerous reports that reveal the association of this virus with internal root 
resorption (Ramchandani and Mellor, 2005). Root canal treatment (RCT), extraction, close 
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monitoring, and implants are among the treatments that have proved successful in saving 



































Figure 25. Herpes Zoster and Internal Resorption: a) Internal root resorption 
and periapical pathoses indicating extensive resorption of 22, 23. b) Healed facial 
scars along maxillary branch of trigeminal nerve. Figure taken and modified from 
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Systemic Disease and Idiopathic Causes  
Certain metabolic disorders as well as idiopathic factors have also been found to be 
associated with resorptive lesions. Hyperparathyroidism (HPT) is defined as the 
hypersecretion of parathyroid hormone (PTH) usually caused by hyperplasia or tumor of 
the parathyroid glands resulting in calcium loss in hard tissues and cyst-like bone lesions 
diagnostic of bone disease (Carlos Fabue et al., 2010). Oral manifestations of parathyroid 
gland disorders include malocclusions, weak teeth, widened pulp chambers, alteration in 
dental eruption, loss of bone density, among others (Carlos Fabue et al., 2010). Although 
the literature is limited about its association with resorption, it has been hypothesized that 
HPT is responsible for increased dental hard tissue resorptive tendencies (Darcey and 
Qualtrough, 2013). 
Recent reports link root resorption with a polymorphism in the interleukin –(IL-) 1 
gene (Thomas et al., 2014). However, like many other causative agents, this, too, remains 
unclear and more research needs to be done to prove such correlation.  
  
   
 47 
DISCUSSION 
Since resorption was first mentioned in the literature, explanations about the causes 
and factors that contribute to its progression have remained controversial (Kapila and King, 
2015). However, one of the major contributions to the understanding of resorption is 
Andreasen’s classification of tooth resorption (Figure 26). Although Andreasen’s 
classification fails to include transient apical breakdown and cervical external resorptions, 
it has been widely accepted by dental clinicians and has been used as the basis for 
diagnosis, treatments, and development of new hypotheses and/or classifications 
















Various reports indicate root resorption accompanies temperature bleaching and 
orthodontic treatments, pulp necrosis and trauma, and on occasion periodontal disease 
(Heithersay, 2007). The most current case reports on resorption link the development of 
Figure 26. Andreasen classification of tooth resorption: Schematic tooth 
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the condition to hypocalcemia, hypophosphatemia, Paget’s disease, VZV infection, and 
hyperparathyroidism (Mincik et al., 2016). Additionally, studies in monozygotic twins 
suggest genetic factors could contribute to the development of resorptive lesions. There are 
reports in the literature of links between resorption and a polymorphism in interleukin (IL)-
1 gene. Furthermore, there seems to be a connection between severe inflammation 
susceptibility and the presence of IL-1+C3953 allele (Datana and Radhakrishnan, 2011). 
Although the authors recognize the various correlations, there is no strong evidence in the 
literature to support a “cause and effect” relationship with these etiologic factors. 
At the molecular level, similar to bone remodeling, resorption involves the same 
receptor ligand system known as RANK/RANKL (Harokopakis-Hajishengallis, 2007). 
The transformation of precursor cells into osteoclastic cells by the action of cytokines and 
multiple transcription factors is what activates resorption. Interleukin-1𝛽 plays a crucial 
role in the initiation of resorption (Mincik et al., 2016). As described in previous sections, 
resorption is commonly found in a patient during a routine visit/radiographic examination. 
In fact, resorption can go unnoticed for years as it presents with no symptoms and no 
functional problems unless there is severe pulpal involvement (Mincik et al., 2016). When 
resorption lesions are left untreated, they can lead to the progressive destruction of the tooth 
structures involved, small tooth mobility [in mild cases of resorption] and eventual tooth 
loss (Fuss et al., 2003).  
Shortened roots at the apical aspect of the tooth has become the hallmark in 
diagnosis of external resorption, whereas internal resorption is characterized by 
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radiolucency along the coronal section of the pulp and/or root canal (Fuss et al., 2003; 
Mincik et al., 2016). Central incisors appear to be most prone to resorption lesions as they 
are most susceptible to injuries and accidents (Mincik et al., 2016). Resorption can occur 
at different paces and/or different periods of activity and its treatment is directly related to 
its causation factor (Datana and Radhakrishnan, 2011). For instance, in cases where there 
is pulp infection, such as in periapical inflammatory root resorption, a proper RCT would 
be able to control the bacteria and arrest the resorptive lesion.  
A proper identification of the stimulating factor and removal of the etiological 
factor is pivotal for treatment. Because both external and internal resorptions are 
progressive in nature, endodontic treatment will be necessary to cease the process (Mincik 
et al., 2016). Treatments for resorptive lesions vary from RCT to use of calcium hydroxide 
paste to stop the resorptive process by remineralizing the affected area to pulpectomy to 
surgical treatments of varying degrees to extraction. Because the incidence of this condition 
has increased in the past decades, more studies need to be undertaken to study the roles of 
osteoponin, collagen type I, fibronectin, and other extracellular matrix component in the 
healing process (Datana and Radhakrishnan, 2011). Although prognosis is usually good 
after treating a resorptive lesion, patients must be recalled as the same resorptive effect can 
take place again (Datana and Radhakrishnan, 2011). 
Studies also need to be undertaken to determine how much of a role the immune 
response plays in resorption, if any at all. If a correlation exists between resorption and the 
presence of herpes varicella as a result of oral shingles (Praveena et al., 2014), then immune 
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cells seeking viral antigens expressed on cells within tooth tissue may initiate resorption as 
they destroy infected cells/stimulate an inflammatory response. Similarly, given that 
resorption is vital early in life as a physiologic process, the possibility of an autoimmune 
reaction triggering it as part of a pathological process in adults also needs to be considered 
and studied. Autoimmunity has been implicated in conditions ranging from asthma to 
diabetes to eczema and physiologic immunity turns into pathological immunity 
(Markiewski and Lambris, 2007) as anaphylaxis is triggered or when activated complement 




Although tooth resorption is still known as the “black hole” of dentistry (Germain, 
2015), more and more reports in the literature demonstrate the importance of understanding 
the etiology of resorption and the impetus to seek out factors which will enable early 
diagnosis and treatment of affected teeth before they are damaged. Based on numerous 
case reports, there appears to exist a similarity between resorption and bone 
remodeling processes that has advanced how dentists look at resorption and its operating 
mechanisms and how to address it properly based on current dental science. A major goal 
of future research into the etiology of resorption is figuring out how to prevent molecules 
such as OPG and RANKL from initiating the process (assuming current data on their role 
in resorption are verified and extended) and how to interfere with c-fos,NFkB and other 
potential transcription factors from playing a role in the pathology of resorption. Creation 
of a BRCA-like test that could identify genetic propensities for resorption would alert 
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orthodontists to the need for prevention measures and more careful screening in those 
patients showing genetic patterns. Ultimately the question that needs to be fully elucidated 
is how a physiological process essential to survival transforms into a pathological condition 
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